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Abstract  
This research was aimed to elucidate removal mechanisms of arsenic from surface water 
using laterite soil taken from contaminated area. The study involves 3 main phases of work: 
(1) adsorption study, (2) propose sorption mechanism related with pH, and (3) accumulation 
arsenic in wetland bed.  The results show that the laterite soil is mainly composed of quartz 
(SiO2) , hematite (Fe2 O3 ) and bauxite (Al2O3 .H2 O). Arsenic adsorptions of laterite soil were 
fitted with both Freundlich and Langmuir models where qm =  2 .1 1 9  mg/g and KL= 1 .1 4 8 
L/mg.  For kinetic study, the adsorption process can be described by 3-steps intra-particle 
diffusion. Adsorption was quickly occurred within the first 60 minute, then diffused in pour of 
laterite soil during 60 to 2,880 minutes.  Modeling was used to predict arsenic speciation in 
the natural surface water at equilibrium at different pH using Visual MINTEQ.  Arsenic 
accumulation in laterite soil in natural wetland/ pilot scale bed were investigated.  Results 
shown that, arsenic content was 39. 14 -667. 36 mg/ kg, which were higher than the 
background level 30. 0 mg/ kg with 95th percentile, set by Department of Agriculture of 
Thailand.  Arsenic content in wetland bed appears to be distance-dependent.  With depth, 
the highest content of arsenic was located at the depth of 20-40 cm.  
Keywords: Arsenic; Laterite soil; Natural wetland; Goldmine runoff; Hydrated 
Fe(III)(hydr)oxide  
Introduction 
Arsenic contamination in the environment is the result of discharges from natural and anthropogenic such as mining waste, 
industrial processes and volcanic deposits. Natural resources are related to the process of leaching from the arsenic containing 
source rocks and sediments )Jain et al., 2000, Chang Chien et al., 2012(. In Thailand, in 2008, arsenic contamination was 
found in the North East of Thailand, Loei Province )Nakwanit et al., 2011. The Pollution Control Department of Thailand 
)PCD(  had been monitored surface water from creek next to the mine. They found that concentration of arsenic at the 
beginning of Phu Lek creek exceed water quality standard .  However, the amount of arsenic in water at the end of the 
creek was reduced to less than the standard )PCD, 2006(. It is suspected that arsenic reduction in the creek might occur in 
natural wetland since it has been known to strongly adsorb to inorganic constituents in soil such as clay minerals and iron 
) Fe(  and aluminum ) Al( oxides/ hydroxides ) Chang Chien et al., 2012( .  Laterite soil is soil types that rich in iron and 
aluminum, formed in hot and tropical area. The major components of laterite soil are hydrous oxides of iron and aluminum. 
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Irons in laterite are hematite )Fe2O3( , magnetite ) Fe3O4(  and pyrite ) Fes2( . Efficiency of laterite in arsenic removal was 
reported about 50-93% .  ) Sharmin et al., 2001; Ramaswami et al., 2001( .   ) Mutembei et al., 2013( . Canales et al. (2013) 
reported that laterite with particle size 2-4 mm. contains approximately 18% iron showed highest efficiency in ars enic removal 
than other sizes. Nearly all laterite soil is rusty-red because of iron oxides . Especially the iron leads to the typical red color. 
Laterite soil is an acidic soil with pH between 4 and 6. Other common laterite soil constituents are manganese, titanium, 
chromium and vanadium oxides .  Both hydrous iron and aluminum oxide components in laterite soil have a pHpzc at 8.5-8.6 
)Mondal, 2013(. In laterite soil, Fe)II(/Fe)III(, Al)III(, Cu)II(, Mn)II( and SiO2 are mainly responsible for arsenic removal. 
) Sharmin et al. , 2001; Ramaswami et al. , 2001( .  Laterite soil is a cost- efficient adsorbent for arsenic removal from the 
ground and surface water.  The removal efficiency and adsorption mechanisms were studies by many researchers. )Wood et al., 
1996; Kumar, Pal et al, 2008; Glocheux et al.,2013( . Efficiency of laterite in arsenic removal was reported about 50-93% . 
Under optimum condition removal efficiency was found to exceed 90% )Thonghor, 2005(, up to 98% )Maji et al., 2007( and up 
to 99% )Tantiwit, 2011(. Arsenic adsorption by laterite increased under acidic condition )Sharmin et al., 2001; Ramaswami et 
al., 2001(.  
There are many factors which affect the arsenic removal in soil that need to be investigated in this site . Therefore, the 
purpose of this study is to study the removal efficiency of arsenic by with laterite soil obtained from the area around gold 
mine. Results from this research can be used as guidance for using laterite soil in the area arsenic removal which help 
reducing cost and solve contamination problem. 
Materials and Methods 
Laterite Soil Preparation 
Laterite soil was  collected from 3 sampling points along Phu Lek creek, where location was  illustrated in Figure 1. 
Samples were classified according to particle size by sieving ) all size, < 2 mm and > 2.00 mm( . After sieve, the samples 
were air dried at room temperature.  Soil was  analyzed for chemical and physical properties as shown in Table 1. 
Chemical used throughout the experiment were of reagent grade . Arsenic content in soil were analyzed by digestion with 
1:3) HNO3: HClO4(  ) v/ v(  flowed by ICP-OES, Perkin Elmer, Optima 8000 ) APHA, 1998( . For solution samples, prior to 
analysis, samples were filtered using glass fiber No. 42 filter and acidified at 1%  HNO3. All experiments were carried out 
in duplicate. Experiment conditions were described in results section . Quality assurance )QA(  and quality control ) QC( 
were used in planning, sampling, analysis and reporting of data in all process throughout the study . 
 
Figure 1 Sampling locations for laterite soil and surface water 
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Equilibrium as Adsorption Tests 
In order to investigate the effect of initial arsenic concentration, concentrations of arsenic used were 0 .1, 0.5, 1, 5, 10, 50 
and 100 mg/ L in 50 mL solution.  Experiment was performed at mixing speed 180 rpm for 2 hours .  Note that all 
experiments were performed with 1 g soil mixed with 50 mL synthetic water at room temperature of 25 °C ) ±3 °C( . 
Laterite soil surface analyzed by gas sorption analyzer with BET method shown that the sample has surface area 28. 65 
m3 for all size of laterite soil, 36. 28 m3 for laterite soil size > 2 mm and 26. 51 m3 for laterite soil size < 2 mm.  which 
effect to an ability of arsenic adsorption . 
A pH effect to the arsenic adsorption capacity was studied at pH 2, 3, 4, 5, 6, 7, 8, 9 and 10. Arsenic concentration in 
surface water was 1,044 µg L-1 with  1  g laterite soil in 50 mL water at speed 180 rpm for 72 hours . Adsorption isotherm 
experiments were performed by varying amount of soil at  0.1, 0. 5, 1. 0, 2. 0 and 5. 0 g in 50 mL solution, mixing time 72 
hours, mixing speed 180 rpm at room temperature. Batch studies results were modelled using Langmuir and Freundlich  
adsorption models presented by equation  (1),(2),(3) and(4) respectively (Limousin, et al., 2007). 
Langmuir model;               (1) 
Linear form;                    (2) 
Freundlich model:                      (3) 
Linear form;          (4) 
where qe is the amount of pollutant adsorbed at equilibrium for a given initial concentration in mg /g .qm is the maximum 
amount of arsenic adsorbed at equilibrium in mg /g .Ce is the concentration in bulk solution at equilibrium in mg /L .KL is 
the Langmuir constant in L/mg .KF is the Freundlich coefficient in mgn-1/g Ln .n is the Freundlich equation constant and 
is a dimensional. 
Adsorption Kinetics 
Kinetics studies were carried out at 72 hours with initial pH at 7 for the 3 different particle sizes . The pseudo-first-order 
kinetic model and pseudo-second order kinetic model were used for model kinetics study by the following equation )5-6(. 
)Silva et al., 2004; Sarkar, et al., 2011(. 
Pseudo-first-order kinetic model       (5) 
Pseudo-second-order kinetic model               (6) 
where qe and qt are the amounts of arsenic adsorbed )mg/g( at equilibrium and at time t )min(, respectively, and 
k1 is the rate constant of pseudo-first-order kinetics ) 1/ min( .  k2 is the rate constant of pseudo-second-order kinetics 
)g/mg/min(. 
The adsorption process on porous sorbent can be described by intra-particle diffusion; where mass transfer 
within the sorbent particles may involve a short-range diffusion in both the fluid and adsorbed phases . The intra-particle 
diffusion model can be described by the following equation )7( )Kousha et al., 2012(. 
Intra-particle diffusion model              )7( 
where, KP  is the intra-particle diffusion rate constant )mg/g/min−0.5( and C is the intra-particle diffusion constant. 
The Kp value was calculated from the slope of the straight line part of the curve )qt vs. t0.5(. 
Pilot Scale Arsenic Removal y Laterite Soil 
Arsenic accumulation in wetland bed consisted of laterite soil were also investigated in this study . Surface water samples 
used in pilot scale study were collected from Phu-Lek creek as shown in Figure 1.  Natural wetland bed was collected 
monthly for 2 years, November 2012-October 2014. Pilot scale constructed wetland bed were run for 122 days where the 
sample were collected monthly, 30, 60, 90 and 120 days .  Arsenic accumulation in laterite soil in natural wetland bed 
were investigate.  Relationship between different size, depth and arsenic concentration was studied .  Sampling of soil 
cores at 3 depths, 0-20 cm, 20-40 cm, 40-60 cm intervals at 6 sampling point along Phu Lek creek was used .  Sample 
were classified according to particle size by sieving ) < 2 mm and > 2. 00 mm(  then analyzed for arsenic content by  
digestion followed with ICP-OES ) Perkin Elmer, Optima 8000, U. S. A. (  analysis ) APHA,1998( .  The sample was taken 
monthly for two years )November 2012-October 2014(. 
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Results and Discussion 
Characterization of Laterite Soil 
Plot between arsenic concentration and removal efficiency was shown in Figure 2a . The concentrations which yielded the 
highest removal efficiency, 10 mg/ L, was selected for next experiment. Plots between adsorption capacity at equilibrium, 
qe, )arsenic adsorbed/laterite soil( and initial concentration were shown in Figure 2b . 
      a)        b) 
 
 
 
 
 
 
 
 
 
Figure 2 Effect of initial arsenic concentration to removal efficiency and adsorption capacity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Effect of soil size and mixing speed concentration to removal efficiency in laterite soil  
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Soil properties are in soil texture by hydrometer shown that sieve analysis is shown in Figure 3.  The analysis of soil 
texture by hydrometer shown that soil sample compose of sand  33.78% , silt 23.22%  and clay 43% . High percentage of 
clay appear as fine texture with low permeability .  It was clearly seen that increasing concentrations of arsenic would 
increase the arsenic adsorption ability . It was found that %  by weight of particle size > 2 mm is higher than size < 2 mm. 
From the result, Laterite soil can arsenic removal of particle at size > 2 mm. was 87. 60% , size < 2 mm. was 88.02% , all 
size was 83.95%. Therefore, effect of soil size in these studies of laterite soil not significant  (p=0.05).   
Physical appearance studied by SEM indicated that all laterite soil had low porous and rough surface  which occurred 
form a binding of a small particle on the surface soil to generate shallow porous . Laterite soil mainly composed of Quartz 
) SiO2( , Hematite ) Fe2O3(  and Bauxite ) Al2O3. H2O( . The EDX study ) Figure 4(  and the X-ray diffraction spectrum of 
laterite soil )Figure 5( and indicated that the elemental compositions of laterite soil are Mg, Al, Si, S, K, Ti, Fe and As as 
summarize in Table 1.  From these results, it can conclude that laterite soil composed of a high level of aluminium 
)Al2O3.H2O and AlSi2O6 )OH2(( and iron oxide )Hematite(.  
   
   
a)All size b) > 2 mm  c) < 2 mm 
 
d) All size analysis by EDX 
Figure 4 )a-c( Appearances of laterite soil and results from Scanning Electronic Microscopy SEM,  
)d( Energy dispersive X-ray )EDX( Spectrometer of laterite soil samples 
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Figure 5   X-ray diffraction spectrum of laterite soil )Q = Quartz )SiO2(, H = Hematite )Fe2O3(, 
B = Bauxite )Al2O3.H2O( 
The soil data were provided in supporting information section in Table 1. The pH of all soil samples is between 4.77-5.04 
which considers as weak acid (Land Development Department, 2010). The electrical conductivity of the samples is lower 
than 0.1 ds/m which consider as non-saline soil. Organic matters in all samples were moderate (1.5-2.5). The amount of 
iron was found highest in soil size < 2 mm 134,300 mg/ kg . Surface water samples used in pilot scale experiment and 
mechanism of arsenic removal study were collected from Phu-Lek creek as shown in Figure 1 . The method and results 
are shown in Table 2. Analysis characterization of water for data using input to mechanism of arsenic removal study by 
Visual MINTEQ. Outcome in this study can be concluded as speciation of arsenic at different pH and behavior of iron at 
different pH.  
Arsenic Adsorption through Various Equilibrium Tests 
From Figure 6, arsenic removal using laterite soil was high when pH of solutions was 4-8 . Arsenic was adsorbed very 
well at low pH because of As(V) in HAsO42-  was absorbed by cationic species of metal oxide (MeOH2+ , MeOH) in 
Latterite soil, where Me represent Fe, Al, Ti, etc . The proposed mechanisms of arsenic removal from laterite soil are 
summarized in Figure 7. The point of zero charge (pHpz) is an important factor that determine present the type of surface 
active centers and the adsorption ability of the surface (Pirbazari, et al., 2014). In this study, the pHpzc of laterite soil was 
around 5.8. It was found that all laterite soil sizes have pH < pHpzc which indicated that the surface of the laterite soil has 
positively charged .The ability of the negative charge substance was more attraction than positively charge substance 
because of high pH can be absorbed better (Wang et al. , 2008). All sizes of laterite soil characteristic not significant 
(p= 0.05). In this study, the pHpzc of laterite soil was around 5.8, which indicated that efficacy of arsenic removal in the 
pH ranged. 
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Table 1 Laterite soil characteristics  and analytical methods 
Parameters; 
 
Particle size Methods/ 
references 
All size > 2 mm < 2 mm 
Physical properties     
Particle size )mm( 0.002 – 2.00 
Sieve analysis, SEM-EDX, Carter and 
Gregorich )2006( 
Bulk density )g/cm2( 2.01 2.55 1.75 
Core method, Carter and Gregorich 
)2006( 
Surface area )m2/g( 17.03 18.15 16.00 BET analysis  ) 2013( 
Chemical properties      
pH 5.10 4.76 5.04 
1:5, laterite:water mixture, pH meter, 
APHA )2012( 
pHZPC 5.80 4.75 4.91 
1:5, laterite:water mixture, pH meter, 
APHA )2012( 
EC )ds/m( 0.025 0.036 0.021 
1:5, laterite:water mixture, EC meter, 
APHA )2012( 
CEC )c mol)+(/kg( 25.14 23.36 33.45 
Ammonium acetate extraction )1N( 
Land Development Department, )2010( 
Organic matter )%( 2.08 2.17 1.96 UV254,  APHA )2012( 
Inorganic composition ( by SEM-
EDX) 
   
SEM-EDX, model: ESM-5800, GEOL, 
Japan 
Magnesium)Mg( )%( 0.44 0.39 0.15 
Aluminum)Al( )%( 24.84 22.54 24.47 
Silicon)Si( )%( 44.01 44.68 42.55 
Sulfur)S( )%( 0.14 0.17 0.43 
Potassium)K( )%( 2.76 2.72 2.56 
Titanium)Ti( )%( 1.44 1.41 1.41 
Iron)Fe( )%( 26.18 27.93 28.39 
Arsenic )As( )%( 0.19 0.16 0.05 
Metals (by ICP-OES)    Digestion with 1:3)HNO3 : 
HClO4()v/v(, ICP-OES, Perkin Elmer, 
Optima 8000 APHA )1998( Iron)Fe( )mg/kg( 99,640 98,030 134,300 
Arsenic )As( )mg/kg( 0.17 0.13 0.16 
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Table 2    Surface water characteristics  and analytical methods 
Samples;  
location 
Parameters Quantitative  
values 
Methods/ 
reference 
Surface water 
)wastewater( stroled 
with 200 liter in 
fiberglass container 
for experiment: 
Inflow Phu Lek 
creek )wetland( 
nearby gold mine 
1. pH 6.82 pH meter, APHA, 2012  
2. Total Dissolved Solids  )TDS( 
)mg/l( 
883 TDS meter, APHA, 2012 
3. Turbidity )NTU( 464 Turbidity meter, APHA, 2012 
4. Oxidation reduction potential )Eh( 
)mv( 
26 ORP meter, APHA, 2012 
 
5. Electrical conductivity )EC( 
)µmhos/cm(  
1701 EC meter, APHA, 2012 
 
6. Total Hardness )mg/l as CaCO3( 935 EDTA Titrimetric, APHA, 2012 
7. Total Alkalinity )mg/l as CaCO3( 173 Titration, APHA, 2012 
8. Sulfate )mg/l( 736 Turbidmetric method, APHA, 2012 
9. Iron )mg/l( 46.7 Phenanthroline, APHA, 2012 
10. Iron )Fe)II(( )mg/l( 0.24 
11. Iron)Fe)III(( )mg/l( 46.46 
12. Total arsenic )mg/l( 0.045 Sorg et al., 2003 with ICP-OES, 
APHA, 2012 
13. As)V( )mg/l( 0.045 
14. As)III( )mg/l( < 0.001 
 
 
a) 
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    b) 
 
 
 
 
 
 
 
 
 
Figure 6 The effect of pH on arsenic removal using laterite soil )a( and pHPZC of laterite soil (b( 
Simulation of Arsenic Species using MINTEQ from Natural Surface Water 
Modelling was used to predict arsenic speciation in the solution of a given system and amount of precipitated minerals at 
equilibrium at different pH .In this study the input for Visual MINTEQ was based on surface water characteristics (Table 2) 
 As(III)initial  =45.55   ppb or 6.073×10-7 mol/l 
 As(V )initial  =998.45 ppb or 1.33×10-5  mol/l 
 Fe(III )initial  =0.24     ppm or 4.30×10-6  mol/l 
 Fe(II )initial  =46.46    ppm or 8.323×10- 4 mol/l 
In order to add a solid surface in the form of Al2O3, Hematitle )Fe2O3( and SiO2. The ionic strength was fixed at 0.001 mol/l. 
Plot between arsenite ) As)III( (  at different pH is shown in Figure 7.  Three oxides of As)III(  were illustrated H3AsO3, 
H2AsO3- and HAsO32-. It can be seen that the distribution, of H3AsO3 at a pH 1 to 8 and H2AsO3- at a pH 10 to 13. Four 
oxides of )As)V( were H3AsO4, AsO4-3, H2AsO4- and HAsO4-2. The results were shown the distribution of H3AsO4 at a 
pH 1 to 2, H2AsO4- at a pH 2 to 7, HAsO4-2- at a pH 7 to 11 and AsO4-3 at a pH 11 to 14. As)III( and As)V(  dissociates 
sequentially in water were illustrated in the Figure 7. 
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  c)       d) 
 
 
 
 
 
 
 
 
 
Figure 7 Speciation of As, Fe, Al vs . pH from MINTEQ )a( As)III(, )b( As)V(, )c( Fe, and )d( Al. 
The interaction of Fe and Al can be seen from the model results  shows  the species of iron in surface water which are;  
Fe2+ at a pH 1 to 8, FeOH+ at a pH 8 to 10 and Fe)OH(3- at a pH 9-14 and species of aluminum in surface water. At 
intermediate pH values )5-9(, the amorphous precipitate of aluminium hydroxide can be formed, which provides its 
maximum concentration at the pH value around 7. With further increase of pH >8, the soluble anionic form Al)OH(4- 
becomes dominant, which remains in the solution after precipitation/adsorption )Zouboulis et al., 2009(. 
Arsenic Leaching Test : 
Stability of laterite soil after adsorbed arsenic was studied by leaching test adapted from method in notification of 
Ministry of Industry )1997(. After adsorbing arsenic, laterite soil was dried then crushed into powder. The soil was added 
with acid water, water: soil ratio is 20:1, and shook at 7 0  rpm, room temperature for 18 hours . Arsenic desorption of all 
size, > 2 mm and < 2 mm are 0 . 0 1 1 3 , 0. 0037 and 0. 0030 mg/ l respectively.  Thus, the results from Table 3 were 
compared with standard value from 6th notification of Ministry of Industry )1997( , arsenic < 5.0 mg/ l, which found that 
arsenic in 3 sizes of laterite soil do not exceed the standard .  There for three sizes of laterite soil after using can be 
disposed insecure landfill according to law. After that, the results of adsorption study were calculated mass equilibrium 
which was shown in Figure 8.  
 
Figure 8 The result of leaching test in different soil particle size 
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Table 3 The result of arsenic leaching test 
Particle sizes 
Arsenic concentration (mg/L) 
Deionized Water Leaching Test 
All size 0.0070 0.0113 
> 2 mm 0.0010 0.0037 
<2 mm 0.0010 0.0030 
Arsenic adsorption mechanism onto laterite soil  
Oxides of some polyvalent metals such as Al) III( , Fe) III(, Si) IV( , Ti) IV( , Zr) IV( , etc.  are environmentally benign, and 
exhibit amphoteric sorption properties near neutral pH ) Puttamraju et al., 2006( . They can selectively bind both Lewis 
acid or transition metal cations )e. g., Zn2+ , Cu2+ , etc.(  and Lewis bases or anionic ligands )e. g., arsenic, phosphorus, 
fluoride, etc. (  through the formation of inner-sphere complexes ) Balaji et al. , 2002; Cumbal et al. , 2005; Pena et al. , 
2005; Blaney et al. , 2007; Pirilä et al. , 2011( .   Similarly, these metal oxides can selectively bind with trace anionic 
ligands )e.g., arsenic, phosphorus, fluoride, etc.( within the presence of high concentrations of competing anions such as 
sulfate, nitrate, chloride, and bicarbonate.  The hydrated metal oxides show strong Lewis acid-base characteristics; the 
central metal atom exhibits Lewis acid character )electron pair acceptor(  while the oxygen exhibits Lewis base behavior 
)electron donor( . They can selectively bind transition metal cations ) Lewis acids(  e.g. , Zn2+ , Cu2+ , Cd2+  and anionic 
ligands )Lewis bases( e.g., HAsO42-, CrO42-, HPO42-, F- through the formation of innersphere complexes both individually 
and simultaneously ) Padungthon et al., 2015(.  Arsenic sorption behaviors with iron oxide in laterite soil;  Under circum 
neutral pH of surface water form Phu lek creek found that arsenate or As ) V(  exists as mono ) H2AsO4-(  and divalent 
)HAsO42-( anions in aqueous solution. 
At neutral pH, As  ) III(  appears as non-ionized species, HAsO2 or H3AsO3.  The arsenic chemistry is the following 
equation 8-11 )SenGupta et al., 2002( Then, both As ) III( and As )V(  through the formation of innersphere complexes . 
HAsO42- is a bidentate ligand with two oxygen donor atoms while H2AsO4-  and HAsO2  are monodentate ligands, which 
have only one donor atom. Note that the commonly occurring competing ions such as sulfate and chloride can form only 
outer-sphere complex )Padungthon et al., 2011(. Because HAsO42- is a bidentate ligand, the innersphere complex between 
ferric oxide )Lewis acid( and HAsO42- )Lewis base( is stronger than the H2AsO4- and HAsO2 that are only monodentate. 
From the result between As ) V(  and As( III)  removal in laterite soil.  In general, mechanisms of arsenic sorption at the 
surface of ferric oxide are contributed to Coulombic and Lewis Acid -Based )LAB(  interactions . At a pH lower than the 
point of zero charge )PZC( , the ferric oxides are protonated ( )  to have positive charges and behave as a Lewis 
acid )electron pair acceptor(, and also act as anion exchangers . As )V( can be sorbed onto the surface sites through ion 
exchange reactions and at the same time can bind through the Lewis Acid Base ) LAB(  interactions . The reactions are 
shown as  )equation 12- 13(: 
Arsenate or As(V) Species 
H3AsO4    H+ + H2AsO4-  pKa1 =2.2   (8) 
H2AsO4-    H+ + HAsO42-  pKa2 = 6.98   (9) 
HAsO42-    H+ + AsO43-   pKa3 = 11.6   (10) 
Arsenite or As(III) Species 
HAsO2   AsO2-   pKa1 = 9.2   (11) 
Coulombic interactions 
 )FeOH2+()Cl-( + H2AsO4-          )FeOH2+() H2AsO4-( + Cl-         )12( 
 
 2(FeOH2+)(Cl-) + HAsO42-           (FeOH2+)2( HAsO42-) + 2Cl-            )13( 
where the overbar represents the solid phase. At circum neutral pH, As )III( appears as non-ionized HAsO2, thus it does 
not participate with the zirconium oxides via Coulombic interactions .  Lewis Acid-Based ) LAB(  interactions play an 
important role for selective arsenic sorption onto the ferric oxide in laterite . 
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Figure 9 shows the binding of various contaminants on the hydrated ferric oxide particles of arsenic removal through the 
formation of inner-sphere complexes. As  )V( )both H2AsO4- and HAsO42-( are sorbed on the surface of ferric oxide oxide 
particles through the combination of Coulombic and LAB interactions . The Lewis acid sites of ferric oxide accept a lone 
pair of electron from oxygen donor atoms of H2AsO4- and HAsO42-. For arsenite or As  )III(, the Lewis acid sites of ferric 
oxide accept lone pairs of electron from arsenic donor atoms of arsenite )HAsO2(. At a pH lower than the point of zero 
charge )PZC(, the metal oxides are protonated ) ( to have positive charges and behave as a Lewis acid )electron 
pair acceptor(  )Stumm  et al., 2012; Padungthon et al., 2015(. The interaction of iron can be seen from the model results 
as shown in Figure 16 shows  the species of iron in surface water which are; Fe3+ at a pH 1 to 8, FeOH+  at a pH 8 to 10 
and Fe)OH(3- at a pH 9-14. )Nazari et al., 2017(. 
  a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 Behavior of Fe speciation at different pH levels (a) and Overlay arsenic 
adsorption - desorption by ferric oxide at different pH (b). 
 
 
 
 
b) 
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Sorption Isotherm 
The parameter obtained from the plotted of Langmuir isotherm model and Freundlich isotherm model ) Figure 10(  are 
summarized in Table 4. From these results, arsenic adsorptions of laterite soil )all size, > 2 mm and < 2 mm( were similar 
fit to Freundlich and Langmuir and not significantly different ) P= 0. 05( .  But the Freundlich fit more than Langmuir.  
Therefore, adsorption from chemical interaction could not be reversible . Steps of continuing arsenic adsorption could be 
explained as; 1( arsenic diffused passing liquid layer into surface of adsorbent, 2( arsenic diffused into porous adsorbent, 
3( arsenic was adsorbed in the porous adsorbent . The shape of Freundlich isotherm plot was follow IUPAC type I which 
is specific adsorption isotherm of small adsorbent .  Mostly absorption was adsorbed in small porous .  From physical 
property analysis )Table 1(, Laterite soil has low surface and slightly larger than diameter of arsenic that adsorption could 
be limited because of it cannot diffused into small porous . Completely packing molecule in small porous of adsorbent 
was saturated by lining a single layer as explained by  L-shape isotherm. 
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Figure 10 Isotherm of arsenic adsorption onto different particle size of laterite soil; (a( Linear form of Langmuir   
model, 
 (b( Linear form of Freundlich model, (c( Langmuir isotherm and Freundlich isotherm 
Table 4 Comparison between Langmuir isotherm and Freundlich isotherm 
Arsenic Adsorption Kinetics 
The rate constant, the amounts of arsenic adsorbed and the R2 values are showed in Table 5-6. Figure 11a-b is the plot of 
data from kinetic form pseudo first and second order models . From the graph, there were 3 rate constants that could be 
calculated for ki as shown in Table 2 (Kennedy et al., 2007) explained that  rate constants  of ki comprised with 2 
constants, Ki,1, Ki,2 and Ki,3.Ki,1 is a diffusion of adsorbent from solution to the external surface of adsorbent or b oundary 
layer/Film diffusion. Ki,2 is adsorption gradually occurred )elimination method of adsorption speed( .  Ki,3 is adsorption 
equilibrium.  From effect of Contact time and mixing speed experiment, at low initial arsenic concentration ) 10 mg/ L( , 
adsorption was quickly occurred within the first 60 minute. The second step, diffusion in pour of laterite was performed 
during 60 to 2,880 minute. For the third step, adsorption equilibrium was occurred after 2,880 minute until the adsorption 
equilibrium.  Khambhaty et al., ) 2009(  reported that in many adsorption steps, diffusion in a particle was not a rate 
limiting step throughout adsorption time. 
Figure 11c shows the intraparticle diffusion model .Linear line could be classified rate limiting step between diffusion on 
surface and diffusion in particles  .In case linear line and passing the origin, diffusion in a particle was rate limiting step 
for adsorption .On the otherhand line was nearly linear and passing the origin which indicated diffusion on surface  .The 
graph shows nearly linear line which indicated the arsenic adsorption of 3 sizes laterite soil was diffusion in particles as 
rate limiting step. 
 
 
 
Laterite soil Langmuir isotherm Freundlich isotherm 
qm(mg/g) KL(L/mg) R2 KF(L/mg) n R2 
All size 2.1190 1.1480 0.9370 1.0280 4.1500 0.9880 
> 2 mm 2.0330 2.3650 0.9740 1.1780 5.4350 0.9880 
< 2 mm 2.0330 2.6030 0.9740 1.2000 5.5560 0.9790 
0 10 20 30 40 50
0.0
0.5
1.0
1.5
2.0
2.5
3.0
 Experimental
q e
(m
gA
s 
/g
 s
oi
l)
C
e
(mgAs/L)
All size
Freundlich Isotherm
q
e
= 1.028C
e
0.241
Langmuir Isotherm
q
e
=  2.433C
e
1+1.148C
e
q
m 
= 2.119 mgAs/g
c)
                                                                                                                                                                    ISSN: 2456-6527                                                                                                                                                      
                               sjrabeditor@scischolars.com            Online Publication Date: September 10, 2018                Volume 3, No. 2 
 Volume 3, No. 2 available at https://www.scischolars.com/journals/index.php/sjrab  221                                                                                           
Table 5 Pseudo - second order kinetic constants for adsorption onto laterite soil 
Particle size 
Pseudo - first-order  Pseudo-second-order  
K1 
(min-1) 
R2 
K2 
(g/mg-mi) 
R2 
All size 0.0006 0.9650 0.0110 0.9950 
>2 mm 0.0008 0.9470 0.0090 0.9960 
<2 mm 0.0007 0.9620 0.0080 0.9940 
Table 6 The rate constants of intra-particle diffusion 
Particle size 
Intra-particle diffusion 
Kp,1 Kp,2 Kp,3 
All size 0.1220 0.0150 0.0060 
> 2 mm 0.0650 0.0140 0.0060 
<2 mm 0.0650 0.0140 0.0060 
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Figure 11 Kinetics studies of arsenic at different particle size of laterite soil (a) Pseudo-first-order model, 
(b) Pseudo- second-order model, and (c) Intra-particle diffusion model 
Pilot Scale Arsenic Removal using Laterite Soil 
Results was illustrated in Table 7-8 and Figure 12. Arsenic content falls within the range of 39.14 -667. 36 mg/kg, which 
were higher than the background level 30.0 mg/ kg with 95th percentile, set by Department of Agriculture of Thailand . 
Such a result serves to indicate that the arsenic in this area perhaps exist in the form of aesenopyrite and was released int o 
Phu Lek Creek due to the weathering or gold mining . Arsenic content in wetland bed appears to be distance-dependent 
)p< 0.05(. With depth, the highest content of arsenic was located at the depth of 20-40 cm. Based on correlation analysis, 
the arsenic distribution is independent of seasonal change. Comparing between 3 sizes, the order of arsenic concentration 
was as follow: all size; < 2 mm; and > 2.00 mm. 
 
Figure 12 Vertical distribution of arsenic concentration in laterite soil. 
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Table 7 Average arsenic in particle size in laterite soil in pilot unite 
Soil size 
(mm) 
Average arsenic in  particle size (mg/kg) 
30 day 60 day 90 day 120 day mean 
all size 37.13±5.51 43.34±3.66 56.67±5.63 54.53±6.41 47.92±5.30 
< 2.00 9.47±2.10 10.93±4.02 20.6±3.03 13.17±3.98 13.54±3.28 
> 2.00 27.66±4.01 32.41±3.80 36.07±3.50 41.36±4.01 34.38±3.83 
Table 8 Average arsenic in particle size of laterite soil in natural wetland (n=144) 
Depth 
(cm) 
Soil size 
(m) 
Average arsenic in  particle size (mg/kg) 
St10 (m) St2(180m) St3 (290m) St4 (400m) St5 (490m) St6 (640m) 
0-20 
< 2.00 135.44±22.59 98.20±21.36 76.07±17.38 84.09±19.48 52.13±11.83 35.69±7.35 
> 2.00 245.21±25.47 268.88±26.96 245.30±25.74 112.40±14.54 83.64±11.01 53.12±4.73 
20-40 
< 2.00 132.88±19.35 167.90±24.83 192.48±26.74 103.75±16.42 72.16±16.53 48.05±9.74 
> 2.00 387.70±38.85 364.93±35.36 302.05±30.71 176.46±19.37 120.08±15.37 82.55±10.93 
40-60 
< 2.00 60.19±12.91 48.02±9.68 66.82±13.25 48.65±10.42 14.08±3.47 19.18±5.37 
> 2.00 107.23±13.24 111.67±14.78 98.97±11.94 76.32±7.47 66.03±5.09 30.00±3.98 
Conclusion  
The application of laterite soil collected from the area around Gold Mine, Loei Province, Thailand as arsenic adsorbents 
were examined in this study.  Fe composition is varying among soil sizes and highest amount of iro n was found 
approximately 134,300 mg/kg in soil size < 2 mm. laterite soil could be used to remove arsenic up to 83.95%  for all size, 
87.595 % for > 2 mm and 88.021%  for < 2 mm.  For stability testing, arsenic leached from adsorbed soil was less than 
standard )5.0 mg/l( setted by Ministry of Industry. Thus, soil after being used as adsorbent, laterite soil can be disposed 
of in secure landfill according to the regulation . 
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